In the presentstudy,the unsteadyaerodynamic influencecoefficienttechniqueis investigated in a low solidity linear oscillating cascade. The cascadesolidity, 0.65, was chosen to be representative of an advanced propellermodelwhich flutteredduringwind tunnel tests (Mehmed et al., 1982) . For an inlet Mach numberof 0.55, the torsion modebiconvexairfoil oscillating cascade aerodynamics areinvestigated for reducedfrequencies ashigh as0.90. To help ascertain the validity of the influencecoefficienttechnique, correlationof the influencecoefficientresultsis madewith dataobtainedfor all of the airfoilsoscillatingat variousinterbladephaseanglesandthe predictionsof a linearizedoscillatingcascade analysis.
OSCILLATING CASCADE FACILITY
The NASA Lewis Transonic Oscillating Cascade, Figure 2, Buffum and Fleeter (1990b) .
AIRFOILS AND INSTRUMENTATION
The airfoil and cascade geometry is summarized in The motion of an oscillating airfoil is defined by the change in the incidence angle with time:
or(t) = _0 +ctlcos(ot) where o_0 is the mean incidence angle, ot] is the torsional oscillation amplitude and o is the frequency.
The complex-valued unsteady pressure coefficient is defined as
P_ is the first harmonic airfoil surface static pressure. The dynamic pressure difference coefficient is the difference between the lower (y-) and upper (y÷) surface unsteady pressure coefficients: 
RESULTS

The
STEADY STATE AERODYNAMICS
For a linear cascade to be a valid simulation of a turbomachine blade row, the cascade must exhibit good passage-to-passage periodicity for the steady flow field. In Figure 3 , steady pressure coefficient data are presented for the center cascade passage and the two adjacent passages.
Good cascade periodicity is apparent, with the only significant differences found at the leading edge of the airfoil upper surface. frequency), will a (0,1) mode propagate, and even then only in the upstream direction. However, sincethe (0,0) mode will propagate at all frequencies, the potential always exists for undesirable reflections at the inlet and diffuser sections.
Only some portion of the acoustic energy created by the oscillating airfoil will feed into the propagating modes, and it remains to be seen whether this portion is significant. And the amount of this energy that will be reflected is also unknown. Thus it is difficult to determine whether wave reflections at the inlet and diffuser sections had significant effects on the measurements.
A more direct form of interaction occurs when acoustic waves created by the oscillating airfoil reflect off the wind tunnel walls back toward the cascade. The zero-normal-velocity condition which these rigid walls impose result in reflection of incident acoustic waves and formation of the duct acoustic modes. For a given geometry, the resulting mode shapes depend upon the location of the excitation source, i.e., the position of the oscillating airfoil. Lower surface phase angle data are strong functions of the oscillating airfoil position but, for any one value of n, change little with chordwise position. The n=0 phase changes from a small phase lag at 12% of chord to a small phase lead at 60 and 75% of chord. For n=-I and n=-2, the phase data are roughly out-of-phase, while the n=l and n=2 phases are closer to being in-phase with the airfoil motion. To reduce the effects of the wind tunnel walls, an effort is currently under way to replace the solid walls with porous walls designed to absorb incident acoustic waves using technology developed to reduce aircraft gas turbine engine noise (Groeneweg and Rice, 1987) .
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Appendix
Cutoff conditions for acoustic waves in rectangular ducts with a uniform mean flow will be found. The book by Richards and Mead (1968) derived such conditions, however, the cutoff condition they obtained for downstream-running waves is too restrictive, as will now be shown.
Most of the following derivation follows their approach exactly -the error they made was in the interpretation of their solution.
A 
where M is the mean flow Mach number and K 2 = k_ + k_. Assuming
Equation 3 will be satisfied if
The character of the solutions for k_ changes when the parameter values are such that
Splitting kz into real (/_) and imaginary (_) parts, Equation 4 becomes
indicating that the waves either grow or decay exponentially with axial distance. The amplifying wave solution is commonly disallowed on the basis that it is not physically acceptable, leaving the decaying wave solution.
To have waves which propagate without attenuation, k_ must be real. Thus the condition (7) must be met for propagating waves to exist.
The direction in which the propagating waves travel is determined by the group velocity, the velocity at which an observer tracking a particular disturbance travels. With respect to the mean flow, an acoustic disturbance travels at the speed of sound a in the direction opposite of the wave vector.
Hence the disturbance velocity with respect to a fixed coordinate system, the group velocity, is the sum of the acoustic velocity and the mean flow velocity, i.e., --9
ez is a unit vector pointing along the duct a_s and k =x,e, +Xyey +x,e, is the wave vector.
The group velocity in the z direction is therefore
When (o_/a) 2 = (1 -M2)K 2 (the 'acoustic resonance' condition), 
w o,, The aerodynamics of a biconvex airfoil cascade oscillating in torsion is investigated using the unsteady aerodynamic influence coefficient technique. For subsonic flow and reduced frequencies as large as 0.9, airfoil surface unsteady pressures resulting from oscillation of one of the airfoils are measured using flush-mounted high-frequency-response pressure transducers.
The influence coefficient data are examined in detail and then used to predict the unsteady aerodynamics of a cascade oscillating at various interblade phase angles. These results are correlated with experimental data obtained in the traveling-wave mode of oscillation and linearized analysis predictions. It is found that the unsteady pressure disturbances created by an oscillating airfoil excite wind tunnel acoustic modes which have detrimental effects on the experimental data. Acoustic treatment is proposed to rectify this problem.
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